During the last century, the European Alps have faced intense socio-economic changes, which have led to respective land-use changes with immediate impact on ecosystem services (ESs). The aim of the study is to present the land-use changes and their effects on the economical contribution of ESs in the alpine environment of Ledro Valley, in Northern Italy. Data were collected through historical cartography and photographic material from 1859, 1973 and 2011. The analysis of landscape evolution highlighted the forest expansion, and partially the urban expansion, at the expense of grasslands and croplands due to a transition from a rural to a touristic and handcrafting economy. The land-use changes led to an overall reduction of the economical contribution of ESs, while further analysis on individual services identified advantages and disadvantages caused by the re-naturalization process of forest expansion. The results suggested that the profit maximization of ESs under the pressure of such land-use changes can be achieved by a) a respective profit maximization from services related to recreation activities (tourism) which have an immediate economical impact on local economies and b) the maintenance and sustainable management of the typical rural landscape and grasslands in order to preserve some of their economical benefits.
Introduction
Ecosystems provide a range of services, many of which are of fundamental importance to human wellbeing, health, livelihoods, and survival. The economical contribution of such services can be evaluated using the reference system of monetary indicators proposed by Costanza et al., (1997 Costanza et al., ( , 2014 and de Groot et al., (2012) , which is considered an extremely useful tool for the development of landscape management plans. The landscape of Alps is considered one of the most important natural territories of Europe and provides a great number of ecosystem services (ESs): protection from natural hazards, CO2 storage and accumulation in soil or biomass, provisioning of raw materials and water, genetic diversity and touristic opportunities (Grêt-Regamey et al., 2008) . During the second half of 20th century, socio-economic changes caused a modification in the use of Alpine territories towards a greater exploitation or a complete abandonment (Chauchard et al., 2007; Rutherford et al., 2008; Prévosto et al., 2011; Cocca et al., 2012) . 876 FEDRIGOTTI et al. These alterations are considered the main causes of variations observed in species diversity, ecosystem functionality, landscape configuration, and economical growth of the local communities (Tasser et al., 2005; .
Many administrative units and scientists demonstrated a growing interest in the development of landscape and urban development plans for the alpine territories (Scolozzi et al., 2010; Fontana et al., 2013; Schirpke et al., 2013; Ferrari and Geneletti, 2014) which are considered among the most interesting places for analyzing the evolution of land-use changes and the interdependence of multiple ecosystem services in terms of their synergies and trade-offs (Bennett et al., 2009; Nelson et al., 2009; Power, 2010; Schirpke et al., 2013) .
The aim of the study is to present the land-use changes and their effects on the economical contribution of ESs in the alpine environment of Ledro Valley, in Northern Italy, during the period 1859-2011. The study area and the evolution of its landscape during the 152-years period is representative of the Italian alpine environments and can provide significant information about the economical impact of land-use changes through ESs analysis.
Data and methods

Study area and data
Ledro Valley (45°87′0'' N, 10°76′0'' E) is located in the southern area of Alpine chain, in south-western Trentino in Italy (Fig.1) . The total coverage of the study area is almost ~200 Km 2 with altitude ranging between 65 m (edge of Garda Lake) and 2253 m (Cima Geometra). The mean annual precipitation is 1300 mm and the mean annual temperature is around 9-10 °C (Cigalotti, 1973) . The variety of environmental conditions, in association with the particular geological history (AA.VV., 2012), are among the main reasons of the exceptional natural heritage of Ledro district, which includes 22 botanical endemic species and several priority habitats according to 92/43/EEC. Five Natura 2000 sites are located within its boundaries, which combine 4 SCIs (Sites of Community Importance) and 3 SPAs (Special Protection Areas). From a socio-economic point of view, until the beginning of the second half of XX century, the study area was characterized by an economy mainly based on traditional activities, linked to agriculture and farming. Nowadays, traditional land-use has largely reduced and Ledro Valley is characterized by an economy mostly based on tourism and handcrafting.
Analysis of landscape evolution
The evolution of Ledro landscape was analyzed using cartographic material from 1859 (Hapsburgic cadaster), 1973 and 1973 (Digital Orthophoto -Autonomous Province of Trento) and 2011 (Digital Orthophoto -Autonomous Province of Trento), covering a total period of 152 years. Land-use mapping ( Fig.1 ) was performed using two GIS software packages: Quantum GIS Brighton (ver.2.6.1.) and Global Mapper v.11 (Global Mapper Software LLC). Nine basic land-uses were identified: 1. Forest (including both coniferous forest and deciduous forests), 2. Pastures, 3. Permanent meadows, 4. Croplands, 5. Inland waters, 6. Sandy river banks, 7. Inland wetlands, 8. Discontinuous urban fabric, 9. Buildings. Landscape evolution was analyzed according to five elevation zones: 65-600 m, 600-1000 m, 1000-1600 m, 1600-2000 m, 2000-2300 m. The statistically significant changes were tested on the base of comparison of proportions with  2 test for P-value≤0.01, using StatGraphics Centurion XV (StatPoint Inc.). For each elevation zone, the comparison was performed between the total area of each land-use type of the three years 1859, 1973, 2011 with the overall extension of the remaining ecosystem types (for instance, Forest and Non-forest). The null hypothesis was that the extension of the two classes didn't change over the years 1859, 1973, 2011 . Together with  2 test, the analysis of means (ANOM) plot with 99% confidence limits was also used. Based on the ANOM plot, three codes a, b and c were used to denote the location of the proportion values from the three dates: above, inside and below the 99% confidence limits. This procedure was not used to denote statistical differences between the years (e.g. as in the case of LSD test ("Urban" includes both "Discontinuous urban fabric" and "Buildings")
Evaluation system of ecosystem services
The economic value of ESs for each land-use was obtained by Costanza et al., (2014) (provided in USD$2007) after modifications from de Groot et al., (2012 (Costanza et al., 2014) . Their updated monetary values in EU€2015/ha/year are given in Table 1 . These ecosystem typologies were used as a proxy for each land-use of Ledro valley. The categories of "Discontinuous urban fabric" and "Buildings" do not provide ESs and for this reason were excluded; the "Pastures" and "Permanent meadows" were considered as "Grasslands" since they provide the same ESs, while the "Sandy river banks" were grouped together with "Inland waters" since their area is covered by water, especially during winter. The overall value of ESs provided by the study area in 1859, 1973 and 2011 was finally estimated by multiplying the area of each land-use with the respective updated values from Table 1 .
Results
Land use changes
The coverage of land-use and the land-use changes based on the five different elevation zones for the respective periods are given in Table 2 and the results of χ 2 tests are given in Table 3 .
According to Table 2 and 3, significant land-use changes were not observed in the higher elevation zone (2000-2300 m), while the categories of "Inland waters", "Inland wetlands" and "Buildings" showed no 878 FEDRIGOTTI et al. significant changes in all elevation zones during the 152-years period. For the case of "Inland waters", there was a change in their spatial distribution between the land-use maps of 1859 and 1973, because part of the area covered by streams and part of the small lake Ledro in the center of the study area was lost. This territorial loss of inland waters was counterbalanced by the rise in water level of Garda Lake at the eastern boundaries of the territory, which increased lake's area as it is evident in Fig.1 . This rise occurred in 1950 when the lake was closed by an artificial barrier built on the Mincio in SalionzeMonzambano (Piccolroaz et al., 2013) . Table 1 . Monetary values for each ecosystem service per biome, according to de Groot et al., (2012) and Costanza et al., (2014) Costanza et al., (2014) the erosion control of temperate forests is 0 while in de Groot et al., (2012) Groot et al., 2012) .
From the remaining land-uses, the categories of "Forest" and "Discontinuous urban fabric" showed a statistically significant increase of their coverage while the categories "Pastures", "Permanent meadows", "Arable land" and "Sandy river banks" a statistically significant decrease during the 152-years period (Table 3 ).
The coverage of forests increased from 65.7% of the total area in 1859, to 75.2% in 1973 and to 82.6% in 2011 (3301 ha gained in 152-years period). For the elevation zones between 65-1600 m, the increase of forest mostly happened before 1973 while for the elevation zone 1600-2000 m mostly happened after 1973. Forest expansion in these elevation zones mainly reduced the summarized coverage of both "Pastures" and "Permanent meadows" from 30.4% of the total area in 1859, to 22.4% in 1973 and to 14.6% in 2011 (3088 ha lost in 152-years period).
In the two lower elevation zones (65-600 and 600-1000 m), which correspond to the valley floor, it was found a large reduction of both "Croplands" and "Sandy river banks" mainly due to the increase of "Discontinuous urban fabric" but also by some expansion of "Pastures" and "Permanent meadows". The reduction of "Croplands" mostly happened before 1973 and its coverage in 2011 was only 20.8 ha (0.11% of the total area) with an overall loss of 94.8% since 1859 (380 ha lost in 152-years period). The "Sandy river banks" gradually decreased reaching 4.4 ha (0.02% of the total area) with an overall loss of 86% since 1859 (27 ha lost in 152-years period). The "Discontinuous urban fabric" mainly increased in the zone of 600-1000 m from 0.21% of the total area in 1859, to 0.72% in 1973 and to 1.19% in 2011 (191 ha gained in 152-years period). 
Ecosystem services evaluation
The results obtained from landscape analysis (Table 2) were combined with the updated values of services (Table 1) in order to assess the economical contribution of Ledro valley ESs during the 152-years period. Table 4 shows the total sum in millions €/year (M€/yr) of the provided ESs for each ecosystem type during 1859, 1973 and 2011 while Table 5 shows the total sum in M€/year of a specific ES from all the existing ecosystem types during the respective years.
According to Table 4 , it is observed that the overall value of ESs has been decreased about 5.39 M€/yr from 73.25 M€/yr in 1859 to 67.86 M€/yr in 2011 (total reduction -7.4% during the 152-years period). This reduction is attributed to the expansion of forest mainly at the expense of grasslands but also of croplands, which both have greater contribution in the expensive Provisional services in comparison to forests (Table 1) .
Considering the ES groups, it was observed that Provisional and Supporting services were reduced, while Regulation and Cultural services were increased (Table 5) , with the intensity of their changes following the ranking scheme: Provisional (-27.8%) > Cultural (+17.6%) > Supporting (-6.3%) > Regulation services (+3.5%).
Even though Provisional services showed the greater reduction/change among the rest ES groups, it was observed that this change was regulated by the respective reduction of "Food Production" and "Genetic Resources" since "Raw Materials" and "Water Supply" contribution was increased. In the case of Regulation services group, it was observed that "Climate Regulation", "Biological Control" and "Nutrient Cycling" were increased while all the rest ESs were reduced, leading to a final positive change for this group of services. In the case of Supporting services, all the ESs were negatively affected and especially the "Habitat refugia". The case of Cultural services group is of special interest since the "Recreation" contribution significantly increased, mitigating the reduction of the overall ESs. Finally, analysis was performed on the annual rates of change rc for each ES but also for each ES group between the periods of 1859-1973 and 1973-2011 (Fig. 2) . The results showed that the rc values were higher during the period 1973-2011 for all ES groups (Fig.2a) but also for each individual ES except "Water Regulation" and "Soil Formation" (Fig.2b) . These two ESs showed higher rc values during 1859-1973 due to the expansion of forest at the expense of pastures, which was found to be higher before 1973 in the elevation zones between 65-1600 m (Table 3 ). 
Discussion
The absence of significant changes in the landscape above 2000 m and the significant changes below this elevation during the 152-years period suggest that the observed landscape evolution in Ledro valley is mainly associated to human activities rather than climate changes (Vittoz et al., 2009) Food production (1973-2011) (1859-1973) b) Annual rate of change r c (K€/yr) (Gehrig-Fasel et al., 2007; Gellrich et al., 2007; Cramer et al., 2008; Tasser et al., 2005 Tasser et al., ,2007 Geri et al., 2010; Schirpke et al., 2013) , which have experienced a conversion from a rural and subsistence economy, to an economy based on handcrafting and tourism. Regarding the urbanization phenomenon, the number of inhabitants in Ledro Valley increased from 4708 inhabitants in 1834 to 5523 in 2014, even though other mountainous areas face an increasing depopulation process (Lehringer et al., 2003) , which enhances the phenomenon of land abandonment and consequently forest expansion. As concerns the changes in the provided ESs, it was found that the observed landscape evolution decreased their overall economic contribution through a non-counterbalanced decrease of some ESs versus others, which showed an increase of lower intensity. From an economical point of view, the renaturalization of the environment according to the given values of ESs (Table 1) reduces the economic profit. This trend is strongly associated to the management strategies of the local economies and can be easily reversed if decision-makers and local stakeholders make serious efforts to maximize the final profit from specific ES favored by the forest expansion, which have direct economical contribution to the society (e.g. recreation activities through tourism). Such efforts could be the key to achieve both sustainable economical growth and environmental management (Marini et al., 2011) .
From an ecological point of view, it was also observed that the re-naturalization of the environment had negative effects on some services, which play significant role on the ecological and environmental quality of the environment (e.g. Habitat refugia availability, and genetic resources etc). These effects have been considered as a consequence of the gradual abandonment of traditional practices, showing the need to incorporate intervention strategies in landscape planning for the maintenance and management of the typical rural landscape and grasslands.
Conclusions
This study revealed the changes that occurred in the alpine landscape of Ledro valley for a 152-years period (1859-2011) and their effects on the provided ESs of the territory. The analysis of landscape evolution highlighted the forest expansion, and partially the urban expansion, at the expense of grasslands and croplands due to a transition from a rural economy to a touristic and handcrafting economy. The observed land-use changes led to an overall reduction of the ESs economical contribution while the detailed analysis of each ES changes allowed to identify advantages and disadvantages caused by the renaturalization process of forest expansion. The results suggest that the maximization of ESs under the pressure of such land-use changes can be achieved by a respective maximization of the profits from services related to recreation activities (tourism), which have an immediate economical impact on local economies, together with the maintenance and sustainable management of the typical rural landscape and grasslands in order not to loose some of their benefits to the ecological quality of the landscape.
